A new small Discostella (Bacillariophyceae), D. tatrica Procházková, houk et Nedbalová sp. nov., from lakes of the High Tatra Mountains (Slovakia/Poland, Europe) is described here on the basis of light and electron microscopy. This species is reminiscent of D. guslyakowyi GeNkal, boNdareNko et PoPovskaya and D. stelligeroides (hustedt) houk et klee. However, it differs from D. guslyakowyi in having alveolae in the central parts, and from D. stelligeroides in the possibility of having an incomplete stellate pattern in its convex central parts and possessing an alveolus in its concave central parts. The valve morphology and ultrastructure is documented here in light and electron microscope images, and it is discussed, as well as its ecology, with these of other similar Discostella taxa.
Introduction
The genus Discostella has been recently established by houk & klee (2004) , and many diatom species formerly belonging to the genus Cyclotella have been transferred to this genus (houk & klee 2004; tuji & Williams 2006) . Subsequently, phylogenetic analyses of individual 18S and partial 28S rDNA of Cyclotella sensu lato showed that these two genera are indeed genetically well-separated groups (juNG et al. 2010) . In this study, we describe a new small centric diatom species having marginal fultoportulae and a single rimoportula located between the costae and with a stellate pattern in the valve central part, and so belonging to the genus Discostella. It has recently been found in the plankton and bottom sediments of several mountain lakes in the High and the Western Tatras (Slovakia/Poland). This new taxon was first observed in bottom sediments of Nižné Temnosmrečinské and Vyšné Temnosmrečinské lakes taken in 1981 and 1983. Later, it was also found in plankton samples in these and other lakes of Tatras in 2004. The aim of this study is to describe the valve morphology and ultrastructure, together with the ecology, of this new small diatom species of the genus Discostella.
Materials and Methods
The Tatra mountain complex comprises the highest elevations of the Carpathian arc, and is situated along the Slovak-Polish border in Central Europe (20° 10´ E, 49° 10´ N; Fig. 1 ). Although considerably smaller than the Alps, they have an alpine landscape as well as a high concentration of natural lakes: 138 major ones and 123 smaller (seasonal or <0.01 ha), all of glacial origin. 89 lakes were sampled from the lake surface during a limnological survey in September 2004, with the new Discostella species found in 14 of these lakes (Table 1 and Table 2 ).
For the morphological study, the following samples were used:
Material from the bottom sediments of the lakes Nižné 1.
Temnosmrečinské and Vyšné Temnosmrečinské (High Tatras, Slovakia) collected by Dr. Ľ. Kováčik (Department of Botany, Comenius University in Bratislava, Slovakia), July 7, 1981 and July 10, 1983 . Plankton samples from the lake Nižné 2.
Temnosmrečinské Bottom sediment samples were fixed with 2% formaldehyde, plankton samples were preserved immediately by acid Lugol´s solution. They were washed in distilled water and cleaned using hydrogen peroxide/potassium bichromate (see krammer & laNGe-bertalot 1986). Bottom sediment subsamples of cleaned material were mounted in Pleurax for light microscopy (LM), or dried on aluminium stubs and coated with gold/palladium for scanning electron microscopy (SEM) using a TESLA BS-300 microscope. Cleaned planktonic material was dried on aluminium stubs and coated with gold for SEM on a JEOL 6380 LV. Several plankton subsamples were dried onto formwar-coated copper grids and examined with a JEOL 1011 transmission electron microscope (TEM).
To quantify the abundance and biovolume of phytoplankton taxa, plankton samples preserved with Lugol´s solution were concentrated to 0.1 or 0.05 of the original volume. Counting and measuring were carried out in sedimentation chambers according to utermöhl (1931) . The biovolume of each taxon was calculated by approximating the cell shape to simple geometrical solids (hildebraNdt et al. 1999 ) and expressed as mm 3 .l -3 (straškrabová et al. 1999 ).
Multivariate analysis was performed using CANOCO 4.0 (ter braak & šmilauer 1998). Analysis was restricted to those diatom taxa occurring in at least 5 % of lakes or to diatom taxa contributing at least 5 % to the total phytoplankton biomass of a lake. Furthermore, only lakes with these diatom taxa were included in the analysis, i.e. 45 of 89 lakes. The ordination was improved by excluding highly correlated variables (e.g. Na, Cl, pH, Ca Table 3 . Valve exterior. The convex valve centre has a small, low spherical cap elevation; the surface is often uneven (Figs 23, 25, 26) . The concave valve centre has a small, spherical cap depression; the surface is uneven (Figs 18, 27 ) or has a pattern consisting of radially arranged low ribs with a small bulge in the centre (Fig. 24) . The marginal area of both convex and concave valves is composed of radially arranged ribs; between long ribs, shorter ribs can be inserted near the valve margin (Figs 27-36 ). The marginal area in the valves with the convex central part slopes down towards the centre (Fig. 23) , whilst in the valves with the concave central part it slopes down towards the margin (Fig. 24) . The marginal fultoportulae with short external tubular projections (see e.g. Figs 24-26) are located on the valve face/valve mantle junction. We were not able to distinguish the outer opening of the rimoportula.
Results

Discostella tatrica
Valve interior. The internal structure of the convex central parts is composed of opened, more or less elongated drop-like alveoli, bordered internally with coarser pori, with smaller pori inside 30) . They create a complete (Figs 22, 29, 30) or an incomplete (Figs 20, 21, 27, 28, (31) (32) (33) stellate pattern. The concave central areas are mostly smooth (Fig. 36) , or they can have one alveolus near the centre (Figs 19, 34, 35) . The marginal fultoportulae with two satellite pores positioned laterally are situated between costae near the valve margin (28) (29) (30) (31) (32) (33) (34) (35) (36) . A single rimoportula with a short sessile labium occurs at the valve edge between two costae (28) (29) (30) (31) (32) (33) (34) 36) .
Distribution
The most common pelagic diatom in this lake district was Fragilaria tenera (W. smith) laNGebertalot, followed by Tabellaria flocculosa (roth) kütziNG , which were present in 35 and 25 lakes, respectively. Other diatom species inhabiting the pelagial of Tatra Mountain lakes were, e.g. Cyclotella radiosa (GruNoW) Malé Žabie javorové Lake (Table 2) . Redundancy analysis of diatom biomass composition and environmental variables relation showed that the distribution of Discostella tatrica reflected current chemistry, preferring lakes with higher values of acid neutralising capacity (ANC, 35-328 µmol.l -1 , average ANC was 97 µmol.l -1 ). ANC was the only environmental variable significantly influencing diatom species composition and biomass, explaining 5.5% of the variability (p = 0.02) (Fig. 37) . Other planktic diatoms in non-acidic water were either restricted to a small number of lakes (Cyclotella radiosa in Veľké Bystré Lake, Cyclotella sp. in Malé Hincovo Lake, Aulacoseira alpigena in e.g. Vyšné Furkotské Lake), or occurred in a higher number of lakes (>3) but dominated in only one of them (Aulacoseira pusilla in Morskie Oko, Aulacoseira valida in Nižné Jamnícke Lake and Fragilaria tenera in Zielony Staw Gąsienicowy Lake). On the other hand, Aulacoseira pfaffiana and Tabellaria flocculosa preferred acid lakes (Fig. 37) .
Discussion
The most similar taxa to D. tatrica, from the point of view of valve morphology, are D. guslyakovyi and D. stelligeroides. These two taxa share several features with D. tatrica, such as small valve size and similar distribution of the marginal fortuportula. lemmermaNN, Aulacoseira alpigena (GruNoW) krammer, Aulacoseira pfaffiana (reiNsch) krammer, Aulacoseira pusilla (meister) tuji et houki, Aulacoseira valida (GruNoW) krammer, Tabellaria flocculosa and Tabellaria fenestrata (lyNGbye) kütziNG. Discostella tatrica is a relatively widespread diatom of these lakes, with spatial distribution from the west (Roháčske Lake) to the east (Skalnaté Lake), and found in 14 of 89 lakes situated at 1562-2027 m a.s.l. (see Table 1 and Table 2 ). Discostella tatrica was often accompanied by populations of Fragilaria tenera and planktonic algae from different taxonomic groups, such as Dinophyta (Gymnodinium spp. <12 µm length; Gymnodinium helveticum Petard), Cryptophyta (Cryptomonas erosa ehreNberG, Cryptomonas marssonii skuja, Plagioselmis lacustris (Pascher et ruttNer) javorNický or/and ChrysophytaMallomonas crassisquama asmuNd (Fott).
Abundance and biomass
Bacillariophyta comprised the majority of the phytoplankton biomass in only six Tatra mountain lakes, and Discostella tatrica dominated in three of them, while other diatom species had relatively low biomass in most cases. The highest abundance as well as biomass of Discostella tatrica was found in Przedni Staw Polski Lake (3710±196 cells.ml Table 4. A large number of the Tatra Mountain lakes were affected by acid deposition which peaked in the 1980s (stuchlík et al. 1985; KopáčeK et al. 2004) . Chemical recovery of some lakes from acidification started in the early 1990s (KopáčeK et al. 2004 ), but biological recovery has been delayed or has still not even started (sacherová et al. 2006; šteFková 2009) . Important changes of lake water quality are still in progress in the Tatra Mountains (KopáčeK et al. 2006) . The current distribution and biomass of diatoms in the plankton (this study) as well in the epipelon (šteFková 2006) probably reflects these ongoing changes. Discostella tatrica was not accompanied by the wide-spread and rather acid-tolerant Tabellaria flocculosa. One explanation for the Discostella distribution in the Tatras is probably its requirement for neutral pH (higher levels of ANC). Indeed, several previous studies have demonstrated the absence of centric diatoms in acid lakes and subsequent re-colonization after lake water pH increases (hörNström et al. 1993; hörNström 1999) . Therefore, centric diatoms could indicate the recovery of lakes from acidification.
According to the type of the catchment vegetation, the Tatra lakes have been divided into four main groups: forest, meadow, meadowrocky and rocky lakes (KopáčeK et al. 2006) . The catchment vegetation type of lakes inhabited by D. tatrica was in most cases meadow-rocky. The majority of these lakes were ultra-to oligotrophic according to a classification of phytoplankton biovolume (Wetzel 2001) . The highest biovolume of Discostella tatrica was found in the mesotrophic Przedni Staw Polski Lake (Table 2) . Tolerance to different levels of nutrients was also observed for the similarly sized diatom D. pseudostelligera (hustedt) houk et klee (cremer 2006; taNaka 2007), whereas D. stelligeroides was only found in oligotrophic to mesotrophic lakes (houk et al. 2010) . D. guslyakovyi was found in an ultraoligotrophic lake (kharitoNov & GeNkal 2010) . In addition, it has been shown that zooplankton, UV-radiation and temperature can play an important role in determining the biomass of another diatom in alpine lakes, D. stelligera houk et klee (WilliamsoN et al. 2010) .
Here, we describe a new diatom species, Discostella tatrica, from mountain lakes in the Tatras (Slovakia/Poland). During identification of diatoms, many characteristics should be taken into account, and detailed knowledge of similar species is necessary. We compared the valve morphology, ultrastructure and ecology of Discostella tatrica with other similar Discostella taxa. Further research into the phytoplankton diversity of remote alpine lakes in the Tatras may yet lead to the discovery of other new species. Moreover, comprehensive phylogenetic studies of Discostella species is needed to better elucidate their relationships.
